Amyloid oligomers: dynamics and toxicity in the cytosol and nucleus.
The accumulation of misfolded proteins in the cytosol and nucleus of neuronal cells leads to neurodegenerative disorders. Polyglutamine diseases are caused by polyglutamine-expanded proteins, whereas mutations in superoxide dismutase 1 lead to amyotrophic lateral sclerosis. These structurally unstable mutant species perturb essential interactions between normal proteins and tend to aggregate because of the presence of exposed hydrophobic surfaces. Accumulating evidence suggests that soluble species, including misfolded monomers and oligomers, are more toxic than large insoluble aggregates or inclusions. Spectroscopic analysis, including fluorescence recovery after photobleaching and fluorescence loss in photobleaching, in living cells revealed that protein aggregates of misfolded proteins are dynamic structures that interact with other proteins, such as molecular chaperones. Fluorescence correlation spectroscopy analysis detected soluble oligomers/aggregates of misfolded proteins in cell extracts. Fluorescence resonance energy transfer analysis supported the notion that soluble oligomers/aggregates are formed before the formation of inclusions in vivo. Here, we reviewed the characteristics of oligomers and aggregates of misfolded proteins, with a particular focus on those revealed by spectroscopic analysis, and discussed how these oligomers may be toxic to cells.